I n t r o d u c t i o n The p r o p e r t i e s o f s m a l l m e t a l c l u s t e r s a r e known t o change d r a s t i c a l l y and d i s c o n t i n u o u s l y on i n c r e a s i n g t h e s i z e from monomers o r dimers t o u n i t s d i s p l a y i n g t h e f u l l c h a r a c t e r i s t i c s o f b u l k metals. T h i s has been shown e.g. f o r t h e change o f t h e m e l t i n g temperature o f Au-clusters ( 1 ) o r t h e decrease o f nearest neighbour distances i n Ag-clusters (2). Magic numbers i n t h e c l u s t e r s i z e d i s t r i b u t i o n o f Rare Gas c l u s t e r s are a l s o known ( 3 ) . The combination o f these f a c t s together w i t h t h e phenomenon o f coordination-dependent mixed valences poses
an e x t~e m e challenge t o s t u d i e s o f s m a l l Rare E a r t h c l u s t e r s . Coordinationdependent valences have been c l e a r l y demonstrated f o r b u l k S m (4), f o r S m c l u s t e r s on s u b s t r a t e s (5,6) and f o r Tm metal (7).
I n t h i s paper, c l u s t e r s o f Sm, Nd and Pr i s o l a t e d i n m a t r i c e s o f Ne, Ar and Kr a r e s t u d i e d by X-ray a b s o r p t i o n spectroscopy a t t h e corresponding L -edges o f t h e metals. From near edge s t r u c t u r e s t h e valence i s determined, and %XAFS data a r e used t o g a i n i n f o r m a t i o n on t h e mean c l u s t e r size.
Experimental
The experiments have been performed a t t h e EXAFS I 1 beamline o f t h e Hamburger Synchrotronstrahlungslabor HASYLAB (8) . Three i o n i s a t i o n chambers are mounted i n a row w i t h two sample chambers placed between them which c o n t a i n t h e m a t r i x and t h e reference sample, r e s p e c t i v e l y . I n t h e f i r s t sample chamber t h e matrices a r e prepared on a He-cryostat by t h e coevaporation technique a t T = 5 K and p = Torr (9). The condensation r a t e s o f t h e metal atoms which a r e evaporated from a r e s i s t a n c e heated furnace a r e cont r o l l e d by a q u a r t z monitor. The Rare Gas atoms emanated from a t h i n p i p e i ns t a l l e d below t h e sample. The pressure i n t h e sample chamber then determines t h e condensation r a t e o f t h e Rare Gas atoms. The mean c l u s t e r s i z e i s known t o be a f u n c t i o n o f t h e evaporation conditions, o f t h e m a t e r i a l s used and o f t h e m e t a l c o n c e n t r a t i o n C. U s u a l l y t h e term M/R ( = 
K). For t h i s m a t r i x t h e i n v e s t i g a t i o n c o v e r e d M/R r a t i o s
from 3.5:l t o 1 3 5 : l r e s u l t i n g i n a v a l e n c e r a n g e 2 < v < 3. The v a l e n c e s a r e 
d e t e r m i n e d from t h e i n t e n s i t i t e s o f t h e two c o r r e s p p n d i n g White L i n e s f o r d i v a l e n t and t r i v a l e n t s t a t e s , r e s p e c t i v e l y ,

is i n d i s t i n g u i s h a b l e from t h e a b s o r p t i o n s p e c t r u m o f a t o m i c Sm (12). From p h o t o e m i s s i o n e x p e r i m e n t s i t is known t h a t Sm is t r i v a l e n t i n t h e b u l k s o l i d s t a t e , b u t shows d i v a l e n c y i f t h e c o o r d i n a t i o n is l o w e r e d (4-6). H i n t s on t h e c o o r d i n a t i o n number o f t h e Sm atoms i n t h e m a t r i x i s o l a t e d c l u s t e r s c a n be found from c a l c u l a t i o n s o f t h e s t a t i s t i c a l c l u s t e r s i z e d i s t r i b u t i o n ( 1 3 ) , b u t i n p r a c t i c e t h e mean c l u s t e r s i z e is a l -
ways b i g g e r . I t i s w e l l known t h a t t h e a n n e a l i n g o f t h e s a m p l e s may r e s u l t i n t h e c o n s o l i d a t i o n o f s m a l l a g g r e g a t e s t o b i g g e r o n e s o r i n t h e r ea r r a n g e m e n t o f p a r t i c l e s t o s t r u c t u r e s which a r e e n e r g e t i c a l l y more s u i t a b l e . I n b o t h c a s e s t h e r e s u l t s h o u l d be a n i n c r e a s e o f t h e v a l e n c e . k e p t below t h e m e l t i n g v a r i o u s a n n e a l i n g t e m p e r a t u r e s .
p o i n t o f t h e m a t r i x m a t e r i a l . For K r t h e e v a p o r a t i o n o f s i g n i f i c a n t amounts o f f r o z e n g a s s t a r t s a t Tcr.t = 50 K . The i n c r e a s e o f v a l e n c e f o r samples o f Nd o r P r i s much b i g g e r . T h i s i s shown i n f i g . 3 f o r a Nd/Ar sample w i t h N/R = 5 8 0 : l . 
I f t h e s e m e t a l atoms had a r r a n g e d s t a t i s t i c a l l y t h e c l u s t e r s
c l u s t e r s i z e t h a n f o r Nd and P r . T h i s s t a t e m e n t is
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hardened by t h e s m a l l F i g . 4 Mean v a l e n c e o f Rare E a r t h c l u s t e r s i s o l a t e d maximum i n c r e a s e o f i n Rare Gas m a t r i c e s a s a f u n c t i o n o f t h e
v a l e n c e Av = 0.15. Rea n n e a l i n g t e m p e r a t u r e s . s u l t s o f t h e a n n e a l i n g p r o c e d u r e s a r e shown i n f i g . 4. 
t i o n s p e c t r a ext e n d i n g t o t h e Sm L2-edge i s shown i n f i g . 6 f o r t h e c a s e o f Sm/Kr. A t 7 . 1 keV t h e K-edge o f t h e Fe I m p u r i t i e s o f t h e A 1 f o i l which was used a s s u b s t r a t e f o r t h e m a t r i x a p p e a r s . The Sm L -EXAFS o b t a i n e d from t h e a b s o r p t i o n s p e c t r a i n f i g . 6 is d i s p l a y e d i n f i g . 7. ?t can b e s t be f i t t e d i n a s i n g l e s h e l l model by Sm-Sm EXAFS. No Sm-Rare Gas c o n t r i b u t i o n s have been o b s e r v e d ( 1 6 ) .
The r e s u l t s o f t h e f l t t i n g p r o c e d u r e a r e p r e s e n t e d i n t a b l e I . ( 1 4 ) show t h a t Nd and P r c l u s t e r s s h o u l d b e t o t a l l y d i v a l e n t f o r a c l u s t e r s i z e < 5 atoms ( 1 5 ) . So t h e l a r g e i nc r e a s e o f v a l e n c e a f t e r a n n e a l i n g i n d i c a t e s t h e f o r m a t i o n o f b i g g e r c l u s t e r s c o n s i s t i n a
c o n t r a c t i o n o f t h e n e a r e s t neighbour d i s t a n c e w i t h i n c r e a s i n g c l u s t e r s i z e i s o b t a i n e d . T h i s is due t o t h e l a r g e r a t o m i c r a d i u s o f d i v a l e n t S coiiipared t o t r i v a l e n t Sm. An i n c r e a s e o f t h e mean s q u a r e r e l a t i v e d i s p l a c e m e n t
The most s u r p r i s i n g r e s u l t o f t h e s e s t u d i e s i s t h e f a c t t h a t t h e mean c l u s t e r s i z e f o r Sm c l u s t e r s having a v a l e n c e V -2 . 5 i n 1 3 atoms. Assuming t h e s u r f a c e t o be d i v a l e n t and t h e b u l k t o be t r i v a l e n t a mean c l u s t e r s i z e o f a b o u t 1000 atoms would have been e x p e c t e d . So we must conclude t h a t t h i s s i m p l e model c a n n o t be a p p l i e d t o t h e s e m a t r i x i s o l a t e d c l u s t e r s because t h e v a l e n c e may be i n f l u e n c e d by t h e m a t r i x . We a l s o t h i n k t h a t t h e unixed v a l e n c e o f Sm c l u s t e r s w i t h ~2 1 3 atoms i s inhomogenous.
A d d i t i o n a l e x p e r i m e n t s a t t h e edge o f t h e Rare Gas m a t e r i a l h a v e been performed.
For Sm/Ar a c o n t r a c t i o n o f t h e A r l a t t l c e by Ar = 0 . 0 5 fl compared t o p u r e Ar is r e p o r t e d ( 1 6 ) . T h i s must be due t o t h e embedding o f t h e Sm c l u s t e r s . The mixed v a l e n c e o f Sm c l u s t e r s w i t h K > 1 3 atoms h a s t o b e e x p l a i n e d by t h e i n t e r n a l p r e s s u r e e x e r t e d on t h e c l u s t e r s by t h e d i s t o r t e d R a r e Gas l a t t i c e . 
